The effects of fluoridation upon the prevalence of congenital malformations in Birmingham were examined in the years 1950-74. The malformations were ascertained as part of a birth register maintained during the whole of this time, and supplemented for most of this time by follow-up inquiries. Fluoride was introduced to the city's water supply in 1964.
INTRODUCTION
The fluoridation of water supplies remains a live public issue, and although the controversy is chiefly based upon the question of consent, the possibility of toxic effects has from time to time been raised. For concentrations between the recommended limits of 0.9 and 1.1 parts x l O^F no such effects have been substantiated, but the question deserves continuing attention.
The possibility of an effect upon the prevalence of congenital malformations is of special interest. There is much experimental evidence in animals to suggest that the fetus in utero is a sensitive biological system which responds readily and visibly to a range of toxic exposures. The latent interval between exposure and effect is short, and this is important for monitoring human populations where changes in the effective environment will be followed promptly by stepwise changes in prevalence.
We report here an inquiry into these questions.
MATERIAL AND METHODS
A complete register of all births to residents of the City of Birmingham has been maintained since 1950. The birth records are classified according to live birth or stillbirth, birth rank, maternal age and ethnic group. The malformed births are classified according to the main malformation present; secondary (i.e. multiple) malformations are also recorded and classified. The birth data used for the present examination are drawn from the 25 years 1950-74, comprising a 14-year period before the year of implementation, and a 10-year period afterwards. Birmingham has a population of about one million and the numbers of births ranged between 22 793 in 1964 and 13 847 in 1974. The numbers of malformed births (live and still) ranged from 574 in 1963 to 386 in 1957.
The current process of ascertaining malformations is exhaustive and relies not only upon birth records but also upon systematic surveillance of hospital records and health visitor records and upon inspection of autopsy records. Leek has shown that completeness of ascertainment and accuracy of diagnosis depend upon these follow-up mechanisms to a degree which varies according to the malformation type. 2 Thus, neural tube defects and gross limb malformations are completely ascertained, for all practical purposes, from birth records alone. For Down's syndrome, also, the majority are diagnosed within a short time of birth although a few remain undiagnosed until later. For other malformations, and particularly for congenital heart disease, a substantial proportion is detected in later childhood. It is the requirement for longer term follow-up which has led us to limit our present investigation to births up to the end of 1974, that is to births with effective follow-up as far as the end of 1978.
For a range of administrative and scientific reasons the pattern of ascertainment varied during the period of the study. Leek reported 2 the first 5 years' data (1950-4) after full follow-up to 6 years of age. These results may be regarded as complete and accurate. This study also reported the findings in the second quinquennium (1955-9), but only with respect to neonatal ascertainment. Since that report certain of the 1955-9 records have been supplemented by hospital inpatient and autopsy material and most of the major malformations can now be regarded as completely ascertained; however, the follow-up was incomplete for the minor defects and for congenital heart malformation. In the next 3 years (1960-2) a change in the administrative arrangements for transferring and identifying birth records impaired the reporting of the minor malformations, but full ascertainment of those major defects which were evident at birth was maintained. For the remainder of the period, that is 1963-74, the full range of ascertainment processes has been maintained.
For these reasons a continuous year-by-year statement of the prevalence of malformations in Birmingham must be based upon an abridged list (List A) consisting of those major defects whose ascertainment and classification may be regarded as complete and accurate on the basis of neonatal records, combined with an examination of autopsy and hospital admission material. For the remaining defects (list B) we have had to rely chiefly upon comparisons between the periods 1950-4 and 1963-74. Table I gives numbers of births occurring in Birmingham for each year from 1950 to 1974. It also provides the numbers and prevalences of infants affected by malformations in the abridged list (list A). (The exact specification of these malformation types is given in the upper part of Table II .) The standard errors of these estimates indicate that random annual variations are confined within a range ± 1.3 per thousand population (i.e. ±2 s.e.). All the measurements lie between 8.0 and 12.7 per thousand births. Between 1954 and 1959 there was evidence of a sustained increase compared with values before and after these years. Such changes are not unexpected and have often been observed, especially in neural tube defects. There is no evidence of abrupt change, either upwards or downwards, immediately following the introduction of fluoridation in 1964, and no evidence of subsequent systematic change. Table II shows the prevalences of specific malformations in successive quinquennia. The upper part of the table displays the abridged list (list A). Prevalence estimates for the remaining malformations (List B) are provided in the lower part of the table for those periods in which adequate ascertainment was achieved. The estimates in Table II are based upon the prevalence of individual malformations, and where more than one has occurred in a single child, each malformation is counted under its separate heading. Table II also gives the frequencies of malformed births (multiple and single malformations).
RESULTS
Three malformation types showed substantial changes during the period of the survey, and they require comment.
First, talipes and dislocated hip both showed increases in the last quinquennium (1970-4) but this is almost certainly attributable to inconsistencies in the criteria of notification associated with the implementation of a national system for notifying malformations, and with the progressive development of screening procedures. Down's disease showed a steady decline in prevalence over the last three quinquennia. The supposition that this was due to a shifting distribution of maternal age at delivery was checked through the use of direct standardization. Maternal-age-specific rates for individual quinquennia were applied to a constant age distribution, consisting of the sum of all the quinquennia. The overall rates based upon this 'standard' age at delivery distribution are given in Table III . There is no evidence, after standardization, of abrupt change or of systematic trend. Polydactyly showed an increase in the middle and later parts of the study. The increase first occurred before the water supplies were fluoridated and it seemed likely that it was due to a changing ratio between births in different ethnic groups. The matter was examined further through the use of indirect standardization, applying the overall ethnic-group-specific prevalences to the ethnic distributions of birth at different periods. These procedures give an 'expected' number of cases, which can be compared with the observed number of cases, and standardized to 100. The period 1963-4 gave an index Table III of 102, 1965-9 gave 98, and 1 9 7 0^ gave 101. This confirms the hypothesis that changes in the prevalence of this malformation are related to the demographic/ethnic changes which occurred during this time.
DISCUSSION
It is important to seek changes both in the prevalence of all malformations together, and in the prevalence of each individual malformation. That is, it is necessary to examine the possibility that changes in the prevalence of a specific defect might be lost within a larger mass of unchanging disease. It is important, equally, to test both for increases and for decreases. An increased prevalence, especially of a particular malformation, could be taken to indicate a specific teratogenic effect. A decreased prevalence, especially one which spanned a range of malformations, could indicate a general toxic effect, reducing the survival to term of fetuses with reduced viability. In fact, none of these effects was found.
In any long term investigation, changes in the pattern of ascertainment and of classification, together with demographic changes, can create technical difficulties. Spurious effects can be caused and real effects can be hidden. In fact, several spurious effects were demonstrated, their origins were demonstrated, and connections with fluoridation were excluded. The main problem, in the present investigation, was to make sure that the demographic and ascertainment changes had not masked underlying fluoridation effects. For this reason, relatively elaborate standardization procedures were carried out. No evidence of a fluoridation effect was uncovered by any of these manipulations.
An assessment of the sensitivity of the method is always important in investigations which give negative results. A possible cause of disquiet in the present case is the failure of the tabulations to demonstrate the epidemic of thalidomide limb deformities which occurred around 1961. This, however, has been examined in detail 3 and it was shown that Birmingham was little affected by this epidemic. The epidemic appeared to consist, locally, of 11 amelias and phocomelias in the two years 1960-1, in 43 236 births.
In contrast with the thalidomide episode, which depended upon transient exposure of a small number of fetuses, the exposure to fluoride has involved a whole population and has continued for many years. The large numbers of observations available, both for total malformations and for many of the specific ones, strongly support a conclusion that fluoridation exerted no toxic effects in relation to this group of diseases.
